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Docket No.: LANGHANS 

Int. Appl. No.: PCT/EP99/02724 



IN THE SPECIFICATION: 

Page 4, line 13, add the heading -BRIEF DESCRIPTION OF THE DRAWING--. 
Pages, line 18, add the heading -DETAILED DESCRIPTION OF 

PREFERRED EMBODIMENTS-. 
Page 15, first line, delete completely, and after the heading "CLAIMS" and before 
the first claim add -What is claimed is:-. 

IN THE CLAIMS: 

Amend the following claims: 

3. (Amended) The resonator according to the preamble of claim 1, 
characterized in that the rear mirror is convex, that the end of the laser rod 
facing the rear mirror is also convex, and that the output mirror is arranged 
in close proximity to the end of the laser rod[, preferably at a distance of less 
than approximately 10 mm]. 

5. (Amended) The resonator according to the preamble of claim 4, 
characterized in that the rear mirror is convex, that the end of the laser rod 
facing the rear mirror is planar, that the other end of the laser rod is convex, 
and that the output mirror is arranged in close proximity to the end of the 
laser rod[, preferably at a distance of less than approximately 10 mm]. 
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Docket No.: LANGHANS 

Int. Appl. No.: PCT/EP99/02724 



6. (Amended) Resonator according to [one of the claims 1 to 5] claim 1 , 
characterized in that the laser rod is a Nd:YAG, ErYAG, Ho:YAG, Nd:glass 
rod. 



Add the following claims: 

7. (New) Resonator according to claim 3, characterized in that the laser rod is 
a Nd:YAG, ErYAG, Ho:YAG, Nd:glass rod. 



8. (New) Resonator according to claim 4, characterized in that the laser rod is 
a Nd:YAG, ErYAG, Ho:YAG, Nd:glass rod. 



9. (New) Resonator according to claim 5, characterized in that the laser rod is 
a Nd:YAG, ErYAG, Ho:YAG, Nd:glass rod. 



10. (New) The resonator according to the preamble of claim 3, characterized in 
that the output mirror is arranged at a distance of less than approximately 
10 mm to the end of the laser rod. 



1 1 . (New) The resonator according to the preamble of claim 5, characterized in 
that the output mirror is arranged at a distance of less than approximately 
10 mm to the end of the laser rod. 
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Docket No,: LANGHANS 

int. Appl. No.: PCT/EP99/02724 



REMARKS 



This Amendment is submitted preliminary to tlie issuance of an Office 
Action in the present application. 

Applicant has amended claims 3, 5, 6 to delete any reference to 
"preferably" and to eliminate the multiple dependency of claim 6. Claims 7 to 1 1 
have been added to set forth features deleted from the amended claims. In 
addition, applicant has amended the specification to present it in proper form and 
language. Especially, applicant has provided the specification with proper 



When the Examiner takes this application up for action, he is requested to 
take the foregoing into account. 

The Commissioner is hereby authorized to charge fees which may be 
required, or credit any overpayment to Deposit Account No. 06-0502. 



Date: December 16, 1999 
350 Fifth Avenue 
Suite 3220 

New York, N.Y. 10118 
(212) 244-5500 
HMF:af 



headings. 



Respectfully submitted, 



By: 
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I RESONATOR A RRANGEMEN T FOR SOLID STATE LASERS 

■ ' " ____ , ^ 

2 

3 TECHNICAL FIELD AND STATE-OF-THE-ART 
4 

5 During the past years, Nd:YAG welding lasers have found increasing 

6 applications in the areas of jewelry and dentistry. These so-called handheld 

7 welding lasers are suitable to perform precise point and seam welding in the sub- 

8 millimeter region. They have not only the advantage of providing solder-free 

9 joints, but also protect the workpiece as compared to the conventional flame 
10 welding technique. A typical construction of devices presently on the market is 

I I illustrated in FIG. 1 . The conventional "classic" resonators are mostly constructed 

12 in the manner illustrated in FIG. 2a and have a planar output mirror 2 and a 

13 concave reflecting mirror 3. The Nd:YAG laser rod 1 is located approximately in 

14 the center between the mirrors 2 and 3. 
15 

16 The exiting laser beam 4 is focused onto the work plane 8 by a beam 

17 expander 5 with an adjustable divergence, a turning mirror 6 (for example, 

1 8 1 064 nm - HR, visible range - AR) and a focusing lens 7. 
19 

20 All devices encounter problems associated with "thermal lensing" of the 

21 Nd:YAG rod and the "initial pulse characteristics" associated therewith. Pumping 

22 with a flash lamp and water cooling produces a radial temperature profile in the 

23 Nd:YAG rod, which is transformed by the characteristic material constant dn/dT 
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1 into a refractive index profile and thereby into a lensing effect. Depending on the 

2 injected pump energy and the cooling provided by the cooling water, 

3 respectively, this lensing effect depends on the pump power. FIG. 3 illustrates 

4 the initial pulse characteristics for a state-of-the-art "classic resonator", wherein 

5 the spot size at the focal point is simulated without beam expansion as a function 

6 of the pump power, i.e. with varying thermal lensing effect and for different radii 

7 of the reflecting mirror. The increase of the focal diameter with increasing pump 

8 power is clearly seen. Smaller radii of curvature of the reflecting mirror lead to a 

9 smaller relative change, but to overall larger values of the focal diameter. For 

10 single pulses or for initial pulses (low pump power), the lensing effect is still 

11 small. For continuous pulses (high pump power) and a predetermined frequency 

12 the lens increases to a value which depends on the average pump power in 

13 continuous operation. This lensing effect affects the beam quality and thereby 

14 also the spot size in the work plane as well as (to a lesser degree) the pulse 

15 energy. The user who is mainly interested in the energy density, i.e. the pulse 

16 energy divided by the spot size, will recognize this phenomenon as a strongly 

17 variable welding outcome which depends on the welding history. 
18 

19 One possibility to avoid this problem is to transmit the laser beam through 

20 a sufficiently long glass fiber. Since the glass fiber does not preserve the 

21 diameter of the beam, the beam which is coupled out typically has a constant 

22 diameter and an approximately constant divergence. However, this approach 

23 degrades the beam quality, so that the focusing unit has to be adapted 
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1 accordingly. Moreover, the so-called "benign behavior" of the welding process 

2 suffers, since the depth of focus in the work plane is reduced. Another possibility 

3 to avoid this problem is to use a stronger beam expansion before the beam 

4 splitter and to also work outside the focusing range, where the image of the rod 

5 surface remains approximately constant. This approach also reduces the initial 

6 pulse characteristics. However, the "benign behavior" is again adversely affected 

7 (depth of focus of the laser focusing system in the work plane). 
8 

9 The publication by MAGNI, V. et a!.: "Recent Developments In Laser 

1 0 Resonator Design" in Optical and Quantum Electronics 23, 1 991 , pp. 1 1 05-1 1 34, 

11 in particular page 1106, second paragraph, describes additional measures to 

12 counteract or even compensate the effect of thermal lensing. These conventional 

13 measures, however, are only effective at a specified value of the pump power. 
14 

1 5 SUMMARY OF THE INVENTION 

16 

17 It is an object of the invention to provide a stable resonator which is stable 

18 over an extended range of the pump power against the effects caused by thermal 

19 lensing, rather than only at a specific value of the pump power. The resonator 

20 according to the invention should also reduce the initial pulse characteristics 

21 below the detection limit of the user, while at the same time maintaining the 

22 "benign behavior", i.e. the depth of focus, of the laser. 
23 
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1 The solution of this object is provided by resonators as described in the 

2 commensurate claims 1, 3, 4 and 5. The applicant has realized that, unlike in 

3 state-of-the-art devices, the beam quality as a function of the pump power has a 

4 comparably flat maximum for relatively short resonator lengths due to the 

5 extremely asymmetric construction of the resonators according to the invention. 

6 Accordingly, the applicant achieves a comparably constant beam quality over a 

7 larger pump power range. As a result, the thermal lensing effect has no effect or 

8 only an insignificant effect on the welding result; the characteristics features of 

9 the initial pulse are negligibly small. While the laser rod in the embodiments 

10 recited in the commensurate claims 1 and 4 is completely displaced towards the 

1 1 output side, in the other advantageous embodiments recited in claims 3 and 5 

12 the laser rod may be located at a very short distance from the output mirror. 
13 



14 The invention will be described hereinafter with reference to the Figures 

15 and diagrams showing calculated and measured values. It is shown in: 
16 

17 FIG. 1 a Nd:YAG welding laser according to the state-of-the-art; 
18 

1 9 FIG. 2a a classic resonator according to the state-of-the-art; 
20 

21 FIG. 2b a first embodiment of a resonator according to the invention 

22 (so-called "sweet-spot'-resonator I); 
23 



4 



1 FIG. 2c a second embodiment of a resonator according to the 

2 invention (so-called "sweet-spot'-resonator II); 
3 

4 FIG. 3 a simulation of the initial pulse characteristics for a state-of- 

5 the-art classic resonator; 

6 

7 FIG. 4 the focus diameter of a state-of-the-art resonator (upper 

8 curve) and of a "sweet-spot'-resonator of the invention (lower curve) as a 

9 function of the pump power (simulation); 

'I 10 

11 FIG. 5 the focus diameter of a state-of-the-art resonator (upper 

3 12 curve) and of a "sweet-spof -resonator of the invention for different laser rods 

1 3 (lower four curves) as a function of the pump power (measured values); 

ru 14 

^5 15 FIG. 6 the beam quality M as a function of the pump power in multi- 

16 mode operation for a resonator arrangement with L= 650 mm, R = infinite, 

1 7 f= infinite (curve 1 ), and f= 1 800 mm (curve 2) 
18 

19 According to FIG. 2b, the resonator of the invention has an extremely 

20 asymmetric configuration. The laser rod 1 is planar on the output side and 

21 completely displaced towards the output side, wherein the planar rod end is 

22 provided with a semi-reflecting layer 10 to couple out the laser beam 4. 
23 
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1 The other rod end 11 has a convex curvature and operates as a focusing 

2 lens in the resonator. The rear reflecting mirror 12 also has a convex curvature. 

3 This special arrangement of the components in conjunction with a suitable 

4 arrangement of the resonator lengths and the respective radii of curvature 

5 provides a resonator which produces a small focus with a short overall length, 

6 wherein the focus is almost independent of the frequency and the pump power, 

7 respectively. The components may be arranged as follows: 
8 

9 Length of the resonator: 290 mm 

1 0 Radius of curvature of the rear mirror: 0.1 m convex (cvx) 

1 1 Radius of curvature of the Nd:YAG rod: 0.22 m convex (cvx) 

12 Length of Nd:YAG rod: 90 mm 

13 The measured values illustrated in FIG. 5 relate to the aforedescribed resonator 
14 

15 FIG. 4 shows a simulated comparison between a "classic" resonator 

16 (upper curve) and the novel "sweet spot" resonator according to FIG. 2b (lower 

17 curve). As seen in FIG. 4, the "sweet spot" resonator not only has an 

18 approximately constant focus diameter, whereas the focus diameter of the 

1 9 "classic" resonator increases with increasing pump power and therefore also with 

20 increasing thermal lensing effect; moreover, the focus diameter is significantly 

21 smaller across the entire range. The calculated results are supported by the 

22 measurements shown in FIG. 5 (1 "state-of-the-art" rod, 4 different rods of the 

23 "sweet spot" resonator according to the invention). The measurements were 
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1 taken with a CCD camera; other data are: focusing lens with f = 116 mm, 

2 Pmax= 1 .5 kW and a distance from the focusing lens to the end of the 

3 rod = 450 mm. 
4 

5 Similar results can be all obtained with slightly altered parameters (radius 

6 of curvature & resonator length). 

7 

8 The relevant feature is that at the exemplary pump powers the resonator 

9 length can be reduced to a value significantly less than 500 mm by using two 
1 0 convex radii (rear mirror & rod). 

11 

12 Using a commercially available computer program for resonators and 

1 3 based on the observations by the applicant, that the welding result are unaffected 

14 by thermal lensing effects over a large range of pump power in particular with an 

15 extremely asymmetric resonator, additional resonator configurations can be 

16 determined as follows. 
17 

18 The beam quality M2 is computed with the computer program for 

19 resonators and the function of the pump energy and is printed as a curve 

20 (FIG. 6). (M2 is used instead of M^) 
21 

22 1. The program is initiated with an extremely asymmetric planar-planar 

23 resonator configuration, i.e., the laser rod is not curved (corresponds to an 
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1 internal lens with a focal length f = infinite, and the radii of curvature of both 

2 the rear mirror and the output mirror are also R = infinite; with these boundary 

3 conditions, the beam quality M2 is calculated as a function of pump energy for 

4 different values of the resonator length L and a specific value of L (Lo) is 

5 determined, where the beam quality has the desired maximum value (in the 

6 present example, the maximum value is set to be M2=25, which is a typical 

7 value for laser welding applications). The position of the maximum does not 

8 change when L is varied. The curve, however, bulges upwardly (for values 

9 of L less than Lo) or collapsed downwardly (for values of L greater than Lo). 
10 

11 2. If the maximum of the beam quality M2 is not located in the range of pump 

12 powers where the system is to be operated according to the application- 

13 specific conditions, as in the aforedescribed asymmetric planar-planar 

14 resonator configuration, then the radius of curvature of the end of the laser 

15 rod which faces the rear mirror, decreases from planar, i.e., R(rod)= infinite, 

16 and becomes finite. The lens formed by the curved surface can also be 

17 employed to characterize the resonator instead of the radius of curvature of 

18 the end of the laser rod. The focal length of the curved end of the laser rod 

19 therefore varies from planar, i.e. f = infinite and decreases to finite values. 

20 Accordingly, different f-values are entered into the computer program, 

21 wherein the maximum shifts to the left to smaller pump powers with 

22 decreasing f-values. The value fo, for which the maximum of the curve is 

23 located in the center of the desired pump power range, is determined by trial 
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1 and error. In the present example, the center of the desired pump power 

2 range is approximately 1 kW, ranging from 0 to 2 kW. 
3 

4 3. If a shorter resonator is to be used with the same value of M2 = 25 to attain a 

5 more compact system (as is usually the case), then the beam quality M2 is 

6 again calculated, as under item 1 above, for a planar-planar resonator, i.e., 

7 the laser rod is not curved (corresponds to an internal lens with a focal length 

8 of f= infinite) and the radii of curvature of the rear mirror and of the output 

9 mirror are infinite. Since L is now smaller than Lo, the maximum is now 

10 greater than M2 = 25 (see item 1 above, last sentence). The radius R of the 

1 1 rear mirror is now reduced until the maximum is again at 25. 
12 

13 4. The focal length of the curved end of the laser rod is then reduced according 

14 to item 2, until the maximum falls again in the center of the desired pump 

15 power range, in the present example approximately 1 kW, ranging from 

16 0 to 2 kW. The result is a novel resonator with the desired characteristics. 
17 

18 With a similar process, additional resonator arrangements can be 

19 determined for M2 = 25 by adjusting R for the desired L so that the maximum 

20 is = 25 and by shifting the location of the maximum by varying f. Accordingly, the 

21 respective values of R and f can be determined for other values of M2 and the 

22 desired resonator lengths L. 
23 
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1 In the following, several values are listed for a "sweet spot" resonator 

2 according to the invention, wherein the rod has a length of 85 mm. Other rod 

3 lengths give slightly different results. 
4 



1 


f 


R 


Resonator lenath fnnnn') 


Focal length of the 


Radius of the rear mirror 




internal lens (mm) 


(mm) 


650 


1800 


- CO 


320 


325 


-170 


290 


270 


-100 


265 


230 


-85 


215 


155 


-40 



5 

6 The values in the table can be described empirically by the following 

7 formulas: 
8 

9 R = const X {ULo-Lf 

10 f = fo X (L/Lo)^-^ 
11 

12 In a second embodiment shown in FIG. 2c, the "sweet spot" resonator II of 

1 3 the invention is constructed so that the laser rod 1 is planar on the side facing the 

14 convex rear mirror 12, and is convex and semi-reflecting on the opposite side 

15 which is the output side. This embodiment has the same advantages as the 
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1 "sweet spot" resonator I illustrated in FIG. 2b. With a corresponding design of tlie 

2 resonator length and the respective radii of curvature, this special arrangement of 

3 the components also provides a resonator which has a short overall length and 

4 produces a small focus which is substantially independent of the frequency and 

5 the pump power. 
6 

7 In the following, several value are listed for a "sweet spot" resonator II 

8 according to the invention (rod length = 85 mm). 
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L 


A 


R 


Resonator length (mm) 


Radius of the output 
mirror or rod end (mm) 


Radius of the rear mirror 
(mm) 


650 


2000 


- 00 


320 


400 


-240 


290 


350 


-175 


265 


300 


-140 


215 


215 


-70 



10 

1 1 The table was created in the same manner as for "sweet spot" resonator I. 

12 

13 The beam quality M2 is calculated using a commercially available computer 

1 4 program for resonators as a function of the pump energy and printed as a curve. 
15 
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1 1 . The length Lo is determined for a planar-planar resonator configuration with 

2 A = Infinite, so that the maximum value of M2 assumes a predetermined value 

3 (in this case M2 = 25). 
4 

5 2. The value for Ao is then determined in such a way that the maximum value of 

6 the curve is located in the center of the desired pump power range (in this 

7 case at 1 kW, range 0-2 kW). 
8 

9 This completes the first line. 

1 0 If shorter resonators with the same properties are desired, then the following 

11 process applies: 
12 

13 3. The M2 curve is calculated for a shorter length L < Lo, and a curve with a 

14 maximum value of greater than 25 is obtained. The value for R is then 

1 5 lowered until the maximum is again located at 25. 
16 

17 4. The value for A is then lowered until the maximum is again located at the 

1 8 center of the desired range. 
19 

20 This process produces a new resonator with the desired features. In this 

21 way, respective values of R and A can be determined for each specified value of 

22 M2 and L. 

23 
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1 These values can also be determined empirically by the following 

2 formulae: 

3 

4 R = C X (L/Lo-L)' ^ C=-254 

5 A = AoX (L/Lof 
6 

7 it should be noted that the pulse energy is also almost independent of the 

8 history of the pump power. Accordingly, both the focus diameter and the energy 

9 density remain constant, which is of paramount interest for the user. 
10 

11 The preferred field of application of this invention are Nd:YAG welding 

12 lasers with a resonator length of less than 500 mm and a maximum average 

13 pump power of up to 2 kW (this corresponds to approximately 60 W average 

14 laser power). 
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LIST OF REFERENCE NUMERALS 



1 


Nd:YAG laser rod 


2 


output mirror 


3 


concave rear mirror 


4 


laser beam 


5 


beam expansion with divergence adjustment 


6 


turning mirror 


7 


focusing lens 


8 


focusing plane of the observation (work plane) 


9 


observation direction 


10 


semi-reflecting layer 


11 


convex end of the rod 


12 


convex rear mirror 
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RESONATOR ARRANGEMENT FOR SOLID-STATE LASERS 

CLAIMS 



1 1. Stable resonator for solid-state lasers which exhibit a thermally induced 

2 lensing effect, with a laser rod, a rear mirror and a semi-reflecting output 

3 mirror, characterized in that the rear mirror is convex, that the end of the laser 

4 rod facing the rear mirror is also convex, and that the output mirror is formed 

5 by the other end of the laser rod, wherein this end is semi-reflecting. 

1 2. The resonator according to claim 1 , characterized in that the semi-reflecting 

2 end of the laser rod is formed planar. 

1 3. The resonator according to the preamble of claim 1 , characterized in that the 

2 rear mirror is convex, that the end of the laser rod facing the rear mirror is 

3 also convex, and that the output mirror is arranged in close proximity to the 

4 end of the laser rod, preferably at a distance of less than approximately 1 0 

5 mm. 

1 4. Stable resonator for solid-state lasers which exhibit a thermally induced 

2 lensing effect, with a laser rod, a rear mirror and a semi-reflecting output 

3 mirror, characterized in that the rear mirror is convex, that the end of the laser 

4 rod facing the rear mirror is planar, that the other end of the laser rod is 

5 convex, and that the output mirror is formed by the other end of the laser rod, 

6 wherein this end is semi-reflecting. 
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1 5. The resonator according to the preamble of claim 4, characterized in that the 

2 rear mirror is convex, that the end of the laser rod facing the rear mirror is 

3 planar, that the other end of the laser rod is convex, and that the output mirror 

4 is arranged in close proximity to the end of the laser rod, preferably at a 

5 distance of less than approximately 1 0 mm. 

1 6. Resonator according to one of the claims 1 to 5, characterized in that the 

2 laser rod is a Nd:YAG, ErYAG, Ho:YAG, Nd:glass rod. 
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I ABSTRACT 
2 

3 A stable resonator for solid-state lasers which exhibit a thermally induced 

4 lensing effect, Includes a laser rod, a rear mirror and a semi-reflecting output 

5 mirror. The invention is characterized in that the rear mirror has an extremely 

6 asymmetrical configuration, allowing the laser rod to move totally or almost totally 

7 toward the side of the output mirror. The laser rod is curved in a convex manner 

8 on one end in order to achieve a refractive effect, and a convex rear mirror is 

9 provided. As a result of the extreme asymmetry, the resonator has a beam 
10 quality as a function of the pump power with a comparably flat maximum even at 

I I relatively short resonator lengths in contrast to the state of the art. The effects of 

12 the thermal lens have practically no influence on processing results. Starting 

1 3 pulse behavior lies below the detection limit. 
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FIG.2C 
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VERIFICATION OF A TRANSLATION 



I, HENRY M. FEIEREISEN, resident of the United States, liaving a place of 
business at 350 Fifth Avenue, Suite 3220, New York, N. Y. 10118, depose and 
state that: 

1 . I am familiar with the English and German languages. 

2. I have read the attached German language intemational patent 
application PCT/EP/02724. 

3. The hereto attached English language text is an accurate translation 
thereof. 

I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. . 

/ , . 



Henry M. Feiereisen 



Date: 
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Declaration and Power of Attorney for Patent Application 
Erklarung fur Patentanmeldungen mit Vollmacht 
German Language Declaration 



Als nachstehend benannter Erfbder erkl^re ich hieitnit 

dafi man Wohnsitz, nidine Po^tanschrift, und meir» 
Staatsang^KJrigkeit den im Naoh^tehenden nach 
meinem Namen aufe^hrten Angaben entspredien, 

cJaa ich, nach beatain Wisaen. der unsprungliche, 
und ^einige Erfinder (falls nachstehend nur eln Name 
angegeben 1^) oder efn ursprilngBcher, erster und 
Mtt&rfinder (fiaite nachstehend mehrere Namen 
3ufg^fiihrt sEnd) des Gegenstandes bin, fQr den dieser 
Antrag gesteBt wird und fUr den efn Patent beantragt 
wird fQrdie Erfindung mit dem tltel: 



As a below named inventor, I hereby declare that: 



My residenoe, post office address and dUzenship are 
stated betow next to my name, 



I believe 1 am the origlnalp first and sole Inventor (If 
only one name is listed below) or an oslglnal, Urst and 
joint Inventor (if plural name? are listed below] of the 
subject matter which \& claimed and fbr which a patent 
Is sought on the invention entitled: 



RESDKATORANORDNUNG FOR 

deren Beschreibung 
(zulreffendes ankreuzen) 

n hierbeigemgtist 

pq wiiifd&fingemeldet am 22. April 1999 

unter der U.S,-Anmeidungs Nr. Oder unter der 
InteiTtafonalen Anmeldenummer im Rahmen des 
Vertrags tiber die Zusammenarbelt auf dem 
Gebietdes Patentwesens (PCT) 

P gT-/g P9 OT 272a und am 

abgeandert (falls 

zutrefTend). 

Ich best^tige hiermit, dafi Ich den Fnhalt der obigen 
Patentanmetdung einschliesslich d«r Anspoiche 
durchgesehen und verstanden habe, die eventuell 
duch einen Zusatzantiag, wie oben enwahnt. 
abgei^undertwunJe. 

iqh ejtkenrw melne Pflicht ajr Offenbamng 
Ir^endwelchffl' !nfomiatk>n$ii an, die fOr die PrOfung 
der voriJegenden Anmeldung in Einklans mit Trtel 37, 
Code of Federal Regulations, §1.56 von Belang sind. 

Ich beanspniche hienttit aasl^ndlsche Phohtatsvorteile 
gemass Titel 35, US-Code. §119(aMd), bzw. §36S(b) 
alter untwj angegebenen Auslandsanmeldungen fOr 
ein Patent Oder ErfindenjrKunden. oder §365(a} alter 
PCT irttemattonalen Anmeldungen^ welche wenigstens 
eln Land auseer den Vereinigten Staaten von Amenka 
5ertennen, und hahe nachstehend durch ankreuzen 
sflmtJiche Auslandsanm^ungen fur Patente oder 
Erfindenidomden oder PCT Internationale 
AnmeWungen angegeben. deren Anmeldetag dem der 
Anmeldung; fOr welche Prioritat beansprucht wird, 
vorangeht 



RESONATOR ARRAY FOR SOUD-STATE LASERS 



the specification of which 
(check one) 

[] Is attached hereto 

\X\ was faed on 22 April 1999 

as United States Application Number or PCT 
International Application Number 
PCTyEPSa/0£7a4 . and was amended on 



(if applicable). 



I hereby state that I have reviewed and understand tie 
contents of the atx>ve4dentTfied specifrcation, including 
the d^ms. as amended by any amendment refenned to 
above. 



I acknowledge the duty to disclose information which i$ 
material to the examination off this application In 
accordance with Title 37, Code of Federal Regulations, 

§1.56. 

I hereby claim foreign priority benefits under Title 35, 
Unitod States Code, §ll9(aMd) or §305(b) of any 
foreign application(s) for patent or inventor's certificate, 
or §365(a} of any PCT International apfrficatlon which 
designated at least on^ country other than the United 
States, listed below and have also identified below, by 
checking ^e box, any foreign application for patent or 
inventoi** certificate, or PCT International application 
having a filing date fctefore that of the application on 
which ptiority is claimed. 
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Prior Foneign AppTications 

(FrOhere auslflndische Anmeldungen) 



Prionty Claimed? 
PnoritSt beansprucht? 



(Number) 
(Nummer) 



(Countiy) 
(Land) 



(Day/Month/Year Filed) 

(Tag/Monat/Jahr elngerakiht) 



[XI 

Yes 

4^ 



I ] 
No 
Nein 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Day/Month/Year RIed) 
(Tag/Monat/Ja^r olr^er^Ott) 



pq 

Yes 

Ja 



[ 1 
No 
Nein 



Ich beanapmche hiermrt gem^ss Tite) 35, US-Code, 
§11 9(e). den Vorzug aller unten eufsefohrten US- 
Htlfsanmeldungen 



1 thereby dsim th? bsnefrt under Title 35. United States 
Code, §11 ^e) of any United States provisional 
applicatiOrt{$) below 



(AppJication Ho. I AnmeWenr.) 



(Filing Date / Aroneldedatum) 



(Application No. / Anmeldenr.) 



(Filing Date y Anmeldedatum) 



Ich beanspwhe hlenmit gemass TiteJ 35, US-Code, 
§120, den Votzug aller unten aufgefQhrten 
US-Paieitt^meldungen bzw. §365(c) alter PCT 
int^fTiationafen Anmeldungen, welche die Vereinlgten 
Staaten von Amerika benennen, und erkenne, insofern 
der Gegenstand eines jedsn fruheran Anspructis 
dieser Patentanmetdung, bzw. PCT intemationalen 
Anmddung in einer gemSfi dem ersten Ab^tz von 
Titei 35, US-Code §112 voiigeschrtebenen Art und 
Weise offienbart wumde, melne Pflicht zur Offenbanjng 
jeglksher lnfonfiEiatlor\en an, die zur PrOfung der 
Patentfahigkeit in Bnklar^g mil Tltel 37, Code of 
Federal Regulations, §1.56 von Belang sind und Im 
Zeitraum zwischen dem Anmeldedatum der fruheran 
Patentanmeldting und dem nationalen oder im 
Ralimen des Vertrags Qber die Zusammenarbert auf 
dem GeWet des Palentwesens (PCT) gultigan 
intemations^ Anmeldedatum bekanni gavvordeo 
$rnd. 



t hereby claim Itie benefit under Title 35, United Stat^ 
Code, §120 of any United States applicat!Dn(s), or 
§365(c) of any PCT International application 
designating the United States^ listed bek^w anid^ insofar 
as the subject matter of each of the claims of this 
application is not disctosad in the pnor United States or 
PCT International application in the manner provided 
by the first paragraph of Title 35, UniiEd States Code, 
§11 2^ I acknowledge the duty to disclose material 
infonmatlon as defined in Title 37, Code of Federal 
Regulations, §i,56 which became available between 
the filing date of the prior appiicatk>n and tie national 
or PCT international filing date of thL$ application. 



(Appl, No,) 
(Anmeldonr,) 



{Filing Date) 
(Anmeldedatum) 



(Status) 
(patentlert, anhflngig 



(Status) 

(patented, pending 
abandoned) 



(Appl. No.) 
(Anmeldenr.) 



(Filing Date) 
(Anmeldedatum) 



Ich erkldre hiennit, daR alte von mir In der vorliegenden 
Erklarung gemachten Angaben nach metnem besten 
Vtfissen und Gewissen der vollen Wahrheit 
entsprechen, und da& ich diese eidesstattliche 
erkiarung in Kanntnis deasen abgebe, daS wissentTich 
und vorsatzik* falsche Angaben genrtSss 1. 1001 . Tftei 
13 US-Code strafbar sind und mil Geldstrafe und/oder 
Gefangnls beslrafi warden kdnnen, und daG derartig 
wissentUdh und voraSfeHch falsche Angaben die 
Rechtsw^ksamkeit der vorliegenden Patentanmeldung 
Oder elnes ds^uf erteilten Patentes gef^hrden 
konnen. 



(Status) 

(palanmrt anhdngig 
aufgegeben) 



(Status) 

<patefit^. pending 
abandoned) 



1 hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on snformation and belief are betieved to t)e true: and 
further that these statemer^ts were made with tfie 
knowMge that \^llful false statement? and the tike so 
made are punishable tjy firw or impHsonment, or both, 
under §1001 of Title 18 of ^e United States Code and 
that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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VERTRrrUHGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiBrmit den ndchstEhend benannlen 
P^tentanwait (oder die nachstehend benannfen 
PatentanwSttft) und/Oder Vertreter mit der Verfofgung 
der voriiegenden Patentanmeldung sowie mit der 
AbwicWung ailer damlt verbundenen Geschatte vor 
d^m US-^atent-und Warenzeichenaml: 



POWER OF ATTORNEY: Aa a named inventor. I 
hereby appoint the following aitomey(s) ^nd/or 
agent(s) to prosecute this application and transact alt 
budhess in the Patent and Tradennark Office 
connected therewith: 



HENRY M. FEIEREISEN 

Rft0. H0. 



Te(efongespr€chd bitte nchten en: 
(Name undTetefonnummer) 



Postanschr 



HENRY M. r£iERE]SEN 

(21^)244-9000 



Direct telet^one calls to: 
(Name and telephone number) 




020151^ 

IWEN'006111IMX OFFICE 



CUSTOMER NO. 0201 51 
Henry M. Feieraisen 
350 Fifth Avenue. Suite 3220 
New York. N.Y. 10118 



Send Correspondence to: 



Voller Name des evizigen od«r 
ufsprOnglichen ErfindefS 


1 ^^50 

LUTZ LANC3HANS 


Full nam^ of ^rst inventor 


UnterschrifLdes Erflnders 


Datum 


Inventor's Signature Date 


Wohnsitz 


S^mbeip / Gemrtany 


^ / Residence 


StaatsangehOiigkeit 


Gemiany 


' Citizenship 


Postanschrift 


F9^enwe3 25 
82319 Stamberg 
Germany 


Post Office Address 


Voller Namedes zweffcen Erfinders 


Ji) 

THOMAS RENNER 


Full name of second inventor 


Untefschrfftdes Erfinders 


Datum 


Inventor's Sgnature Dat^ 








Wohnsitz: 


MOnchen / Gennany 


Residence 


Staatsangehdrigkeit 


Gemnany 


Citizenship 


Postanschrift 


Stambeiger S^ssd 21 
81 476 MOnchen 
Germany 


Post Office Address 
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